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The wire leading from the collector should be nailed to the 
lower end of the collector and soldered thereto. The wires 
leading to  the coherer-about one foot on each side-should 
be flexible, so that  they will not interfere with the movements 
of the decoherer. The decoherer should be tilted to  one side- 
the side away from the hammer. As there is a small current 
passing through the coherer constantly, sooner or  later it will 
'' tltick "-that is, refuse to work. Therefore it should be given 
a rest as often as possible by cutting i t  out or putting in one 
of the extras. Sometimes the decoherer bell will ring once 
and sometimes it will ring several times, according to the in- 
tensity of the lightning discharges. Closed-circuit batteries 
will last longer than open-circuit ones. 

Dr. Lee DeForest, of the Ainerican DeForest Wireless 
Telegraph Company, cluring a recent visit to New Orleans, 
suggested to the writer the advisability of thoroughly insula- 
ting the coherer wires from the malls of the building. 

GrwrzndL 

ble connector; B, battery; C, cohrrar. 
Summarizing the results obtained so far it niay be said that : 
1. A practical lightning recorder can be made a t  small cost 

that  will give results fully warranting the cost of construction. 
9. Where written signal5 are not required, the bell on the 

decoherer can be utilized for giving audible signals; ant1 the 
cost of the apparatus greatly reduced. 

3. The recorder will not tick merely because tlie sky is 
cloucly and threatening; in cloncly weather it will give sigiids 
only when barometric and other atmospheric coiiditioiis faror 
t8he formation of thunderstorms. I n  storms coining from a 
great distance signals were recorded with a clear sky. 
4. I n  most cases, frequent signals in the early forenoon in- 
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dicate that a thunderstorm will occur later in the day. In some 
of the thunderstorms of which we have obtained records, the 
first peal of t,hunder heard a t  station mas preceded by an hun- 
dred or more signals. 

5. The collector described above is not an element of danger 
to the station. I t  will not attract lightning any more than an 
ordinary smokestack similarly exposed. 

6. The cost of operating the liglitniiig recorder need not 
exceed tliat of operating two large-sized doorbells. 

7. Generally speaking, the higher the collector stands above 
the ground the larger will be its range of action. 

I n  working out the inechanical details of blie recorder the 
writer received valuable assistance from RIP. F. W. As, of the 
Ken, Orleans ofice force. 

THE INTRODUCTION OF METEOROLOGY INTO THE 
COURSES OF INSTRUCTION IN MATHEMATICS AND 
PHYSICS. 

Norrlul>ei . 26, 1904, nt ('liicagu, Iw?b-,re the C'*ut.rnl 
inntics Teachers.] 

Association uf Hcieuce and Mathe- 

The study of meteorology has acquired a new and vivid in- 
terest since the establishment of fairly successful weather fore- 
casts in this country aud Enrope. The civilized world nom 
knows that the weather and the climate, the winds and storms 
are controlled by rigorous laws of nature. We may not under- 
stand these laws as yet, but they are in control of the universe 
and we are to discover them ani1 utilize them for the benefit 
of mankiiicl. We have not yet found any limit to the attain- 
iuents of the liimian intellect, ancl what the mind can do in the 
way of tliiiiking the hand will find some means to attain in 
the may o f  doing. We must think out, our work before we can 
do it. 

The ultimate object of a11 j-our systems of education, ele- 
mentary, collegiate, and postgraduate, is to train the mind to 
tliiiik and then train tlie liaiid to do. In  old tiiiies the schools 
craiiimeil the lnain with thtl results of work already done, 
meiiiorizing a multitude of facts; but  now, while not neglect- 
ing the nieinory. we seek to develop the reasoning faculties, 
or the reasoning habit of thought, and then to perfect our 
methods of doing. Our schools 1~:t.v much attention to mathe- 
mttics, ineclimics, chemistry. and science in general, because 
tliese have an important practical hearing on our lives. I n  
this uew progress, the professional side of education, meteor- 
ologv has not been neglected altogether. I have been greatly 
pleased to see the enthusiastic reception accorded it in every 
Imrt of tlie Union ant1 its growing popularity in both graded 
and high schools. I suppose that Ne owe this specifically to 
the general success of the Weather Bureau, but more partic- 
ularly to Prof. TViii. M. Davil.;, whu established a school of 
meteorology about 1S78 as a division of the school of geology 
a t  Hnrrartl University. His students and text-hooks, his " Ele- 
iiientnry RIeteorology," the '. Climatology " of his successor, 
Prof. R. DeC. Ward, and their methods of teaching have 
awakened teachers and professors alike to new possibilities. 
Other schools and other test-books hare conie into existence 
anJ  the elements of the subject are now so well proyided for 
that I c l o  not neetl to say inore about this; but I 110 feel the 
need of further advances. 

I regnrtl meteorology not SO much :LS a matter of observa- 
tion and generalization as a matter of deductive reason. Our 
studies h a w  approached the limit of what we are likely to 
discover by inductive processes. We stand where astronomy 
stood in the clays of La Place. We have had our Cfdileo and 
Newton, but  we still need other leaders, and you will all agree 
nitli me that these niust be trained in tlie schools. They must 
get tlieir first lessous from J-YCJU. Twenty or t8hiry years hence 
our future masters in meteorology will tell how their feet 
were tnrnecl in the right ilirection by the teachers of to-day. 

I n  every school I find several boys and girls that have taken 
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a deep interest in the weather and its relations to  our lives. 
They are often asking questions that bear upon it. They ap- 
pear to observe and understand it better than others. These 
are they whom I would have you secure for the possible serv- 
ice of the Weather Bureau. There are others that often 
appear dull, but  they are not really so; their previous educa- 
tion has perhaps been imperfect, some one has confused t,heir 
minds with erroneous ideas, of which they can not easily rid 
themselves. There are others who have not yet awakened to a 
full interest in intellectual work. I n  general the school will be 
benefited by taking lip exact and experimental work as com- 
pared with inexact, indefinite, texts or phrases. We benefit a 
child more than we realize when we give him exercises in 
exactness. Why do we make him calculate interest to the last 
cent? Why practise the piano or Ringing until he can do i t  
properly? Why dram or paint correctly? Why speak Eng- 
lish precisely? Is i t  not our conviction that what is worth 
doing a t  all is worth doing well. It is only the things that 
are well clone that tell. Even in mornls i t  is the bad thought 
that is the first step toward a bad act. So I wish to enforce 
the idea of teaching meteorology accurately and to do this 
we must use accurate expressions and experiments, accurate 
figures and drawings, and correct mathematics. On the other 
hand we enliven all mathematical and physical courses of in- 
struction if we introduce into them applications to familiar 
subjects. The dullest student becomes alive as soon as he 
perceives that his clistasteful mathematical tasks will help hiin 
to understand some subject that really interests him. There iR 
no one, not even a child, that  has not some favorite subject of 
thought, some one unanswered query, lurking in his brain. 
Find out what that is ani1 you have found the keynote to 
which all his education may be made harmonious. 

I know that the schools and colleges find so many subjects 
to teach ancl that the hours of work are so taken up a t  school 
and at  home, that you wilI say, i t  is out of the questiou to intro- 
duce another new study. However, 1 do not venture such n 
presumption, but  would suggest a simple and practical scheme. 
The idea is simple. 

When you are teaching mathematics or physics and seeking 
for examples illustrative of the applications of these subjects, 
give especial attention to meteorology and take your examples 
from the phenomena of the atmosphere. You inay not a t  first 
find many cases; certainly there are very few in the books. 
You may have to draw upon your own reading and knowledge 
os upon the notes that you mill find in the MONTHLY WEATHER 
REVIEW. But with a little ingenuity you will soon accumulate 
a goodly number of proldeins that will afford your students 
abundant food for thought. 

I find that many take up mathematical physics as one of the 
courseR leacling to the various engineering professions because 
the latter offer them a prospect of a good business for life; 
bu t  occasionally one of these fiiicls himself interested in the 
scientific or research aspect of the various problems as niuch as 
or even more than in the engineering aspect. He wili prob- 
ably combine research with his business, if, indeed, lie Joes 
not altogether relinquish the latter for the former, provided 
a favorable opportunity offers. Such a man is representative of 
the class from which the ranks of the future army of American 
scientists will largely be recruited; and if you find any such, you 
will clo well to help them develop their tastes for meteorology. 
They have studied mechanics, thermodynamics, steam engi- 
neering, electrical engineering, hydraulic engineering; they 
are graduates of oiir schools of engineering, they have truly 
the very best foundation for research in met,eorology, and their 
tastes incline in that direction. One can not expect to make 
any great advance in meteorology without having a broad 
foundation, an inquiring mind, and great intellectual energy 
and perseverence. If the colleges a i d  universities are not yet 
ready to give meteorology an independent place-a professor- 

ship, an observatory, a laboratory-as they clo for astronomy, 
chemistry, geology, and many other branches of knowledge, 
then the best temporary arrangement that we can make is to 
introduce it freely among the problems illustrative of the 
general courses in the fundamental mathematical and physical 
studies of all exact science. 

But you will ask for some definite examples. 
(1) Among the simpler applications of trigonometry are the 

various efforts made to determine the altitude ancl motion of 
the cloucls. The simplest method consists in determining the 
actual motion of a cloud by observing the perfectly parallel 
and similar inovenlent of its shadow on the ground. One may 
stand upon an eminence and survey the landscape and with 
the help of a good map and the second haiid of a match or a 
simple Recoiicls peailiilnw, may ileterinine the direction of 
motion and the linear velocity of asmany shadows as he wishes. 
If a t  the same time he looks directly upward and observes the 
apparent angular velocity of a cloucl as i t  passes the zenith, 
he will find that lie has uow the base and one angle of a right- 
angled triangle, of wliich the other side is the cloud altitude, 
which of course can then be computed by trigonometrical tables 
or still better by geometrical constructions. Trigonometry, 
geometry, arithmetic, and algebra should all be kept at  the 
finger tips ready for use l)y young students of science. Often 
times a J’OLIUQ mau will h n c l  in front of a theodolite or some 
other complex apparatus ancl feel that it is too much for him; 
others have their heads full of niatheinatics, but do not know 
what to do with it. The expert is the man who not only has 
the knowledge but also the ability to clo something with it. 
Our education shoulcl include especidly the prompt and practi- 
cal utilization of erery scrap of knowledge that we have for- 
tunately acquired. 

(2) Another ingenious applic*ation of geometry to the altitude 
of clouds is known as Feussner’s iuethocl. An obserrer stands 
a t  0 and sees a shadow at A- a t  a spot that he can identify on 
a detailed map of his surroundingR. He recognizes that 
this shadow is that of a cloucl a t  C that is located in the same 
vertical plane with tlie sun itbelf and lie therefore observes the 
apparent angular altitude of that cloud, which is the angle 
C! 0 S i n  the triangle. Now the angle C’ li 0 is the same 
as the apparent angular altitude of the sun. since a line drawn 
from 0 to the sun mould be parallel to the line from Ii through 
C to the sun. If, therefore. the observer measures the angle 
1)y which the sun is above the horizon, or SOH, he will then 
know the base 0 K ani1 the two angles at  0 and h‘ ancl may 
compute or construct the vertical height of C above the horizon. 
There are several refinements to be thought of. Ii may not 
be on the same level wit81i 0: the cloud may hare moved before 
he can observe its altitude and the sun’s altitude after having 
iilentifiecl the shadow K as belonging to the cloucl 6‘. These 
refinements offer slight ditliculties that map be overcome; thus 
if one has a correct watch he may simply ohe rve  the time 
when the shadow was a t  the point I<, and from that conipute 
a t  his leisure the altitude of the sun. 

(3)  (hie of the oldest methods of deterniining the altitude of 
a cloud is known as Bernoull’s. The observer a t  0 sees the 
cloud a t  C just as the last ray of the sunilluminates it. This 
last ray must hare grazed the surface of the earth a t  some 
point T P  below the western horizon. By observing the time, 
we know a t  once the angle between the radii drawn to the 
earth’b center from 0 and from 11’. This gives us the means 
of computing the distance from Wto our vertical. But we 
also obserre the apparent angular altitude of the cloud or the 
angle between 0 ( ‘ and  the vertical. We have now all the 
data needed to solve the problem. We have in fact three 
triangles to solve in succession. The problem becomes more 
complicated if we endeavor to allow for the refraction of the 
ray of  light from TT‘C. I will not give the latter complex 
formula now, but  may say that I hope to publish a long series 
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of these problems in a little handbook for the use of students 
and teachers, and I think that you will not find them too diffi- 
cult for most of your students. I n  fact, test-books on trig- 
nometry while giving us many interesting problems suggested 
by the work of surveyors, navigators, and geodesists, seem to 
have quite forgotten that the clouds offer us still more fascin- 
ating problems. 
(4) Some years ago the various weather bureaus of the world 

agreed upon a year of steady work on the a l t i t d e s  of clouds. 
Some observers adopted the strictly trigononietric method of 
altitudes and azimuths. If a theodolite is placed a t  A and an- 
other one a t  B, tlie observers endeavor to sight simultaneously 
on a cloucl a t  C. If they sight on the same point a t  tlie snine 
time and observe the altitudes and aziinutlis correctly. then 
i t  mould seem certain that with -4 H a s  the base line they should 
be able to compute tlie linear distance of the cloud 0 ant1 its 
altitude. But unfortunately a cloucl has coiisiderable size and 
there is never an absolute certainty that B and H obsene the 
same point. Accordingly there arises n very interesting pr01~- 
lem as to what points they have observed. Oftentimes calcu- 
lations showed that the two lines of sight did not and could 
not intersect, so that  the shortest distance between the two 
lines would seem to be the proper place for the cloucl. You 
will find all the details of this problem in chance, or the the- 
ory of errors, as i t  is callecl, in a report by Ekholm :mil 
Hagstrom. 

(5) During that same year other observers used what is called 
the photograrnineter or the nephogrnph, which is siiuply a 
photographic camera mounted with altitude ant1 azimuth 
circles. Photographs are taken of the same cloucl simulta- 
neously, and from them we rnay proceed by two methods, 
(1 )  we may measure from the photographic plate tlie aiigu- 
lar bearings of various points in the cloucls and determine 
the distance ancl dimensions of the whole clouil, or ( 2 )  we niay 
proceed graphically. set the photographs up in a frame, re- 
producing as nearly as possilde the original locations of the 
two cameras, and then, using threads as lines of bight, carve 
out in the air of the room a sinall model of the cloud itself. 
This latter process was, I be l ie~e ,  first carried out in England 
under the supervision of Prof. (3. Ct. Stokes, the eminent 
mathematician, mho was a t  that  time a member of the Mete- 
orological Council a t  London. I n  fact, that  council has often 
included some of England’s most famous men, and we are in- 
debted to  t,hein for a number of important methods in 
meteorology. 

( 6 )  But perhaps the most fascinating as well as the simplest 
method of studying the clouds is by iiieaus of the nephoscope. 
This is a very simple instrument-merely i i  circular mirror 
held horizontally; you look into it and see the cloncl 1)y reflec- 
tion, which saves tlie trouble of twisting the neck to an I I~COIU-  
fortable position. The mirror has a gracluatecl circle corres- 
ponding to  the azimuth circle; its center is marked by a clot 
or cross line and there are a few concentric circles drawn 
around that. At one side of the mirror is a light vertical rod 
holding a little knob, which inay be raised or lowered and 
tnrned around to  any azimuth, SO that when one observes a 
cloud reflected a t  the center of the mirror he may so adjust 
the knob as to bring its iinage also a t  the center. But the 
cloucl moves away and the observer must then move his eye 
so as to keep the knob covering the cloucl until the knol) ancl 
cloucl disappear together :it the edge of the mirror or cross 
some one of the concentric circles. I n  this procesb the knob 
is the center or intersection of two lines of sight, one from 
the cloud to  the knob in its first position, and again froin the 
cloud to the knob in its second position. The horizontal path 

described by the intersections of these lines with the face of 
the mirror is a miniature of the horizontal path described by 
the cloud in the time required by the images to pass from the 
center to the rim. We obtain thus the direction of motion of 
the cloucl and a horizontal line that may be converted into 
the angular zenithal velocity. The prettiest application of 
this instrument and perhaps the most elegant of all methods 
of determining the height and velocity of the cloud I have 
callecl the kinematic method. The idea is this: If we are in a 
boat or on a train, our motion is combined with the motion of 
the cloud. We seem t,o attribute our motion to the cloud, and 
tlie observed line is a resultant movement that you easily ob- 
tain by compounding movements or forces by the method of 
parnllelograin of forces. If we move froin A to R in the boat 
with our nephoscope, i t  is as though the cloucls move from B‘ 
to d’ in the parallel liut opposite direction; bu t  if the cloucl is 
actunlly moving from 1;‘ toward S, then the result that we 
obwrre is the line M’ S’ as seen from the boat. This apparent 
regular motion we are t,o observe first wlien the boat is going 
f r ~ m  -4 to B, xiill again when tlie boat is going in some other 
direction, sucli as U to (‘, or even when the boat is stationary, 
or when the boat clirect,ly reverses its movement, which we 
can most easily accomplish by carrying our nephoscope on a 
trolley or in  a rowboat on a canal. Now, these two observa- 
tions, together with the known velocities of tlie boat, give us 
four knowii terms in a pair of trigonometric equations, from 
which, by eliuiiiation, we determine the altitude and the actual 
velocity of the cloucl. The most diEuult point is to determine 
the velocity of tlie boat, and the method is, therefore, best 
aclapted to give accurate results when the nephoscope is being 
carried 1,- a steady steamer or by a car that is pullecl by a 
calde, going at  a perfectly uniforiii rate (of speed in difierent 
clirections, as, for instance, through tlie streets of a city. 
(7) As mother iiiatheiuaticnl example, I happen to think 

just nom of the so-called Poisscm’s equtition relating to the 
brliavior of  pure dry air when undergoing adiabatic changes. 
This is  given in soiiie works on aanlgtical mechanics and is 
mentioned in the elementary works on physics. But the good 
student will appreciate i t  better if you mill give him the demon- 
stration basecl on funclalnental principles, which may be made 
almost purely mathematical. 

When the same ideas are applied to the expansion and con- 
traction of moist air, with itH cliaiiges from vapor into cloud 
and snow, we come upon a more comples problem in physics; 
but  even this is SO largely a question of pure inathematics 
that  i t  may be included under that category, ancl I hope that 
you mill mike your scholars familiar with the elegant graphic 
kwthods introduced by Hertz, whose paper is fully translated 
in m y  “3Ieteorology of the Earth’s Atmosphere,” and has been 
still more beautifully treated by Neuhoff in a German paper of 
1:)01, but  not yet translated. Elaborate mathematical tables 
are given by Professor Bigelow in his “Report on Interna- 
tic mal Cloud Observations.” 

(S) The elementary test-books on physics often mention the 
theory of the wet-lmlb thermometer and its use in deter- 
mining the moisture of the atmosphere, but  they rarely give 
any satisfactory esplttnation of the process by which physi- 
cists linve cletluced the relation between the temperature of 
the wet 11~111 ant1 the iiioisture in the air-that is to say, the 
rate of e~aporat ion;  but  tlie process is not so clificult but 
that anyone who has studied a little -of the law of diffusion 
can untlerstaiicl it, and, for ljrevity’s sake, I must refer you 
again to iiiy Meteorological Apparatus and Methods. 

[TU be continued.] 


